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(54) ELECTRODE STRUCTURE FOR LIGHT EMITTING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase average light 
intensity by varying the shortest distance between the 
inside outlines of a (p) electrode and an (n) electrode 
within a specific ratio for the average distance between 
the two electrodes and setting the length of one 
electrode at a specific ratio or above to the length of 
the side of a light emitting device and setting the light 
intensity of one region at less than a specific ratio. 
SOLUTION: This device is provided with two electrodes 
14a, 14b, one of which is electrically connected to a p- 
type semiconductor layer 12a, and the other is 
electrically connected to an n-type semiconductor layer 
12b. The shortest distance between the inside outlines 
of the electrodes 14a, 14b at an arbitrary point varies 
between +35% and +150% of the average distance 
between the two electrodes 14a, 14b. The length of at 
least one of the electrodes 14a, 14b is at least 65% of 
the length of a side of the light-emitting device. 
Moreover, the ratio of light intensity related to the 
uniformity of light in one region is set at less than 3.0 at an average current density of 30 
A/cm2 or above. Thereby, the average light intensity of the device can be increased. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] A heterojunction within said device structure which is a luminescence device and 
contains the device structure, and a p type semiconductor layer and an n type semiconductor 
layer (12), One side was electrically connected to said p type semiconductor layer, and another 
side was electrically connected to said n type semiconductor layer. Have two electrodes (14a, 
14b), and the minimum distance between inside outlines of said electrode in a point of arbitration 
It changes within +35% - +150% of an average of this inter-electrode distance. One [ at least ] 
length of said two electrodes Are 65% or more of the length of one flank of this luminescence 
device, and an optical intensity ratio about the homogeneity of light of at least one field A 
luminescence device whose optical intensity ratio about the homogeneity of this light it is less 
than 3.0 in two or more 30 A/cm average current density, and is what is specified as a ratio of 
the maximum partial light reinforcement Imax and average light reinforcement lave. 



[Translation done.] 



http://www4.ipdljpo.gojp/cgi~bin/tran^ 2004/01/22 



* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the 
homogeneity of luminescence of these devices, and an improvement of area effectiveness about 
the field of a luminescence device. 
[0002] 

[Description of the Prior Art] The AlInGaN luminescence device (LED) of marketing which 
demonstrates the most excellent engine performance is grown up on an insulating substrate like 
sapphire. An electrode and its connection pad are usually arranged in the upper part of the 
AlInGaN semiconductor layer of a device. 

[0003] Current is sent into LED through the external terminal combined with the connection pad 
working by wirebonding (a ball or wedge), soldering, or installation by electroconductive glue, p 
electrode and n electrode make each semiconductor layer pour in and diffuse current. When 
current crosses the p-n junction section, it flows to the forward direction and the recombination 
of a minority carrier arises in this p-n junction section by this, light occurs. Luminous-intensity I 
emitted from a device under a typical operating condition is proportional to the current per 
current density J, i.e., an unit area. About the given current density J, the optical reinforcement I 
generated by LED will increase, so that the area of the p-n junction section is large. 
[0004] The p type semiconductor layer of an AlInGaN material system has resistance far 
stronger than an n type semiconductor layer. As the result, the current poured in from p 
electrode is not spread in the side within a p type semiconductor, and it is not separated and 
spread from p electrode to the side. Current flows from p electrode to an n type semiconductor 
layer in accordance with the shortest path (namely, usually perpendicular direction) which 
crosses p-n junction. Subsequently, current is diffused in the side within an n type 
semiconductor layer, and reaches n electrode. 

[0005] In order to make a luminescence field into the maximum, current must cross as many 
portions of p-n connection as possible, and it must flow. Therefore, current must spread in the 
side over the biggest possible portion of the surface of p form. The breadth of the current to the 
side can be improved by covering the great portion of p form surface with p electrode, for this 
reason, p electrode — a connection pad — the whole — or it is covered partially. 
[0006] The connection pad must have the thickness which is conducting current so that electric 
functionality may be offered, and fulfills mechanical functionality. As a result, a connection pad is 
usually a metal. The metal connection pad which has required thickness is opaque. This is not 
common although the bonding pad which consists of transparent conductive oxides, such as ITO 
(indium stannic-acid ghost), was also used. 

[0007] The great portion of commercial AlInGaN LED extracts the light generated within the 
device through p layers. These devices are equipped with the compound p electrode (it is a thin 
translucent material for wrap current diffusion etc. for example, in the great portion of p 
surface), and the thick opaque connection pad which enables connection reliable as a 
commercial product although only few possible portions cover this thin p electrode. In order to 
make surface area of p form into the maximum, n electrode is also produced small. The great 
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portion of emission light generated in the p-n junction section is leaked from a device through 
the portion which is not covered with a connection pad among translucent p electrodes. 
[0008] 

[Problem(s) to be Solved by the Invention] According to the instruction in U.S. Pat. No. 
5,563,422, such as Nakamura, n connection pad and p connection pad should be made 
counterpose or arranged in the opposite direction to the corner of a device, as shown in drawin g 
1 . After the current which flows in a perpendicular direction lower part from the field of p 
electrode contiguous to p connection pad to n layers passes p-n junction perpendicularly, it 
must cross the inside of an n type semiconductor layer covering quite long horizontal distance, 
and must reach n electrode. On the other hand, the current which flows in a perpendicular 
direction lower part from the field of p electrode contiguous to n connection pad to n layers 
crosses an n type semiconductor layer covering few horizontal distance, and should just reach n 
electrode. When this distance becomes long, most quantity of series resistance will be added in n 
form layer to the former current path, and the edge of thin p electrode will be washed by current 
around n contact section as the result. Since the most direct current path between two 
connection pads is overemphasized more strongly than what kind of other paths (path following 
the edge of a device etc.), current will crowd between these connection pads. The heterogeneity 
of current density becomes large as average current density becomes high. This is because the 
resistance voltage drop in an n type semiconductor layer increases. As the heterogeneity of this 
current density is shown in drawing 2 , the heterogeneity of the optical reinforcement 
corresponding to it is produced, the degree of the heterogeneity of current density — the ratio 
of the maximum local current density Jmax and the average current density Jave — it is shown 
by r. this ratio — the ratio of the maximum partial light reinforcement Imax and the average light 
reinforcement lave — it is possible to estimate by measuring R. This is because optical 
reinforcement is proportional to current density about the 1st approximation. Generally this 
measurement is performed by performing IMEJINGU of LED by which bias was carried out on 
myopia field conditions (near field condition) using optical equipment, d rawing 2 shows — as — a 
ratio — R will become very high. 

[0009] Especially, when average current density is high, and when the size of LED is large, the 
heterogeneity of current density becomes optical and something related to deterioration of an 
electrical order of LED. AlInGaN LED originates in the mechanism of the luminescence, and it 
shows the property that luminous efficiency falls as average current density becomes high. For 
this reason, when current density is uneven, the active region where synthetic optical 
effectiveness is low will be generated. Furthermore, since irreversible deterioration of luminous 
efficiency increases as current density becomes high, if current density is uneven, an overall 
deterioration speed will speed up (this is the serious concerns for LED of marketing which 
depends for commercial importance on low deterioration speed). 

[0010] Another defect of the advanced technology is a point that originate in an electrode 
configuration and the use effectiveness of the substrate field as a luminescent material gets 
worse. About the given average current density J, the average light reinforcement I generated by 
LED becomes high, so that a p-n junction field is large. 
[0011] 

[Means for Solving the Problem] A luminescence device which has improved electrode structure 
is equipped with an active region. This active region, for example, a heterojunction, is equipped 
with p form layer and n form layer, n electrode is electrically connected to n form layer, and, on 
the other hand, p electrode is electrically connected to p form layer. It is fabricated and p 
electrode and n electrode are arranged so that a portion which offers uniform current density 
working and is used for luminescence among device fields may be optimized. Less than three, if a 
ratio of the maximum local current density Jmax and the average current density Jave becomes 
1.5 to less than two suitably, it will reach uniform current density. Uniform current density is 
measured by ratio of the maximum partial light reinforcement Imax and the average light 
reinforcement lave in a luminescence field. 

[0012] Improved electrode structure is realized by combining and changing three parameters 
separately. The element is a configuration of a device, a configuration of an electrode, and the 
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location of an electrode. A device can be considered as a globular form or a semi-sphere, or can 
be considered as a pure pillar-shaped object which has the cross section of a polygon, circular, 
an ellipse form, or an ellipse. Each electrode can be formed in round configurations, such as a 
polygon or a round shape. It is also possible to form two or more fields which segment at least 
one side of the two electrodes, and have uniform current density in alternative. As for inter- 
electrode mean distance, it is desirable that it is under the length of n electrode and p electrode. 

[0013] Improved electrode structure improves the "area utilization factor" A. This area 
utilization factor A is defined as a ratio of area of the luminescence p-n junction section, and the 
gross area Atot of a device. Therefore, improved this electrode structure enables it to increase 
the average light reinforcement lave in a luminescence field about the given average current 
density Jave and the given device cross section. 
[0014] 

[Embodiment of the Invention] By this invention, it is defined as the "area utilization factor" of 
the surface (upper part or back) of a light emitting device (LED) being the ratio A of the p-n 
junction section (namely, luminescence field) (area ?) and the gross area of a substrate. 
Luminescence reinforcement increases [ value / of a given substrate area ] in proportion to said 
ratio A about given average current density. Since a manufacturing cost is mainly proportional to 
the substrate area of LED, it is advantageous to make the area utilization factor A into the 
maximum. 

[0015] LED (it usually has only one connection pad per surface) of marketing of a non-AIInGaN 
material system is equipped with typical value A=-1.0 of an area utilization factor. Conventional 
AlInGaN LED, for example, AlInGaNLED to which both connection pads exist on the same 
surface, has the area utilization factor value of a range called A=0.25-0.50. The size of a 
connection pad will be limited to 0.075x10-3 to 0.2x10 to 3 cm2 by the constraint on 
manufacture. A corresponding to it also becomes large, so that Atot is large, when two or more 
given connection pads are prepared on the 1 surface, about Atot of the same range, without 
receiving increase of the manufacturing cost accompanying expansion of Atot, namely, — it is 
more desirable to make it become high rather than the area utilization factor A about an AlInGaN 
device is acquired by the advanced technology. 

[0016] the improved electrode structure — three parameters — each — or it realizes by 
combining and changing. The element is the configuration of a substrate, the configuration of an 
electrode, and the location of an electrode. A substrate can be considered as a globular form and 
a semi-sphere, or (for example, it has polygons, such as a rectangle, a square quadrilateral, a 
hexagon, or a triangle, or the cross section chosen from circular and a group including an ellipse 
form) pure pillar-shaped object. Each electrode can be formed as a thing of polygons (for 
example, a rectangle, a parallelogram, a triangle, etc.), ****** combined mutually, or roundish 
configurations (for example, circular, an ellipse, the square with which the angle was rounded off). 
It is also possible to segment at least one side of two electrodes, and to form in alternative, two 
or more fields where current density is uniform. As for inter-electrode mean distance, it is 
desirable that it is shorter than the length of n electrode and p electrode. 
[0017] In order to illustrate the principle at the time of actuation, the p type semiconductor 
material shall have the uniform resistivity p, width of face W, and thickness t. Sheet resistance 
R** is defined as p/t. Current is poured in into a material from two rectangle electrodes. The 
electrode has width of face w and length I. As for the electrode, only width of face s (s<= (L— 2D) 
is separated. The flow of current is uniform. When the minimum distance s is kept constant 
about the point of arbitration which met the inside outline of which electrode, it is possible to 
attain the homogeneity of the same flow as the above in a much more complicated configuration. 
The resistance R to the flow of the current in inter-electrode [ two ] is :R=R**s/w which can be 
expressed as follows (1) 

In this type 1, total resistance R is decided by sheet resistance R** and the geometry (s, w) of 
an electrode. If total resistance R shortest-izes distance s and width of face w is longest-ized, it 
will become the minimum. Before recombining with the electron hole poured in from p contact, 
the distance in which an electron crosses the inside of an n type semiconductor horizontally 
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becomes still shorter. According to this invention, the distance which a carrier crosses is 
shortened and this distance becomes the same over the whole electrode. While the series 
resistance of a device is reduced and a synthetic electrical property is improved by compaction 
of this distance, local current density becomes homogeneity by keeping this distance almost 
constant. An electrode should approach as much as possible and each other should be arranged. 
In order that this inter-electrode distance may extend current to homogeneity preferably 
[ covering most edges of a device ] as for these electrodes, it should make homogeneity as 
much as possible, and by this, an advantage will be acquired about an electric action, the action 
on luminescence, and a reliable action so that it may mention later. 

[0018] An electrode is the conductive layer electrically connected to the semiconductor 
material. A simple electrode (simple electrode) is the equipotential surface at the time of 
actuation, for example, the voltage becomes the same in every point of the surface. There are 
some which need a composite electrode depending on a device. In order to diffuse current and 
to extract light, the further, very thin translucent conductive layer (for example, 0.2 micrometers 
or less) (typically, it connects with p dope layer and the still thicker electrode, or p connection 
pad of high resistivity electrically) can be included by the composite electrode (compound 
electrode). Although this thin ******** is also an electrode, that it is not the equipotential 
surface in many cases, it has high resistivity and the difference of remarkable voltage arises 
between the points of some on the surface. 

[0019] LED of this invention is illustrated by drawing 3 . LED10 is equipped with the active region 
12 on the substrate (not shown) of optional selection. The active region 12, for example, the 
heterojunction section, has p type semiconductor layer 12a and n type semiconductor layer 12b. 
p electrode 14a and n electrode 14b are electrically connected to the semiconductor layer which 
corresponds, respectively, p electrode 14a and n electrode 14b are fabricated and arranged so 
that uniform current density may be offered at the time of actuation. A thick wire emphasizes 
the inside outline of these two electrodes. This device structure is equipped with the substrate 
of optional selection, the active region, and the electrode. When the ratio of the maximum partial 
light reinforcement Imax and the average light reinforcement lave is less than three (1.5 to less 
than [ Suitably ] 2), uniform current density is obtained. 

[0020] In the case of a simple electrode, it is desirable for the minimum distance between the 
inside outlines of the electrode in the point of arbitration to be +35% - less than 1 50% of the 
mean distance between the inside outlines of this electrode. Moreover, in the case of a 
composite electrode, it is desirable for the minimum distance between the inside outlines of the 
connection pad in the point of arbitration to be less than **35% of the mean distance between 
the inside outlines of this connection pad, and for the inter-electrode minimum distance in the 
point of arbitration to be this +35% - less than 1 50% of inter-electrode mean distance. 
[0021] These performance indices were drawn as follows. Average human beings eyes will 
identify the difference of the light on the strength easily, if fluctuation of optical reinforcement 
crosses 3 times when the photoreceptor assumes that it is what is not saturated with optical 
reinforcement. If it is an eye with the discernment force, fluctuation of twice as many optical 
reinforcement as this can also identify the difference of the light on the strength. If this 
fluctuation becomes less than 1.5, human being's eyes cannot identify the difference of optical 
reinforcement. Although the case where the intensity ratio (light uniformity intensity ratio) (an 
optical intensity ratio is called hereafter) about the homogeneity of light exceeds 3 is shown in 
d ra wi n g 2 (advanced technology), the case where an optical intensity ratio is less than three is 
illustrated in consecutive drawing, and almost all those cases are less than 1.5. 
[0022] In the embodiment of this invention shown in drawing 3 - drawing 8 E, the shortest length 
of an electrode is 75% of the length of the device flank by which this electrode is arranged. The 
muximum departure of the distance between the inside outlines of a connection pad is **35%. 
The muximum departure from the mean distance s between the inside outlines of p electrode 
and n electrode is **20%. When average current density was 50 A/cm2, there was nothing that 
shows the optical intensity ratio exceeding 2 in the device produced as the result according to 
the subset of the embodiment shown in drawing 3 - drawing 8 H. 

[0023] Drawing 4 A and 4B show the embodiment of this invention. A device is a pure pillar— 
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shaped object which has the polygonal cross section, p electrode and n electrode have at least 
65% of length of a length of at least two sides of this polygon. In the case of an ellipse device, at 
least one side of two electrodes has 25% or more of length of the circumference length of this 
device. An electrode can also be made any of a simple electrode and a composite electrode. The 
mutually parallel thing of the inner circumference side of an electrode is desirable. As for said 
polygon, it is desirable that they are a square, a hexagon, an octagon, a rectangle, or a 
parallelogram. 

[0024] The uniform current of the gross area of a device flowed to one third at least, and even 
when the worst, in order to ensure by this that an optical intensity ratio becomes less than 
three, 65% of performance index was chosen. By the same reason as this, **35% of performance 
index was chosen about the deflection from the mean distance between the connection pads of 
a composite electrode. 

[0025] The alternative embodiment which has a composite electrode is shown in drawing 5 A-B. 
The connection pad of this composite electrode fits wirebonding, such as ball bonding or wedge 
bonding, soldering, or installation by electric conduction data medium. In order that an electrode 
may increase the size of the luminescence field between connection pads, the taper is attached 
as it separates from a connection pad field. In the case of the embodiment shown in drawing 5 B, 
the length of the inner circumference of an electrode is longer than inter-electrode mean 
distance. According to this structure, the electric resistance of a device becomes small. 
[0026] Drawing 6 A and drawing 6 B illustrate the myopia field optical microscope photograph of 
LED shown in drawing 5 A and drawing 5 B when forward bias is carried out with 50mA current. 
Uniform reinforcement exists over the luminescence field of a device. Unlike drawing 2 , the 
current which crowds near [ two / inter-electrode ] the gap is not accepted, and the difference 
of the optical reinforcement in the field covered with the thin electrode is not accepted, either. 
[0027] Drawing 7 compares the I-V curve about LED shown in drawing 1 and drawing 5 A and 
drawing 5 B. Drawing 1 supports "the conventional LED/' Drawing 5 A corresponds to "an 
embodiment 1", and drawing 5 B supports "the embodiment 2." Two AlInGaN wafers are divided 
into one half. The half-wafer which makes one group was manufactured according to the device 
by drawing 1 , and the half-wafer which makes another group was manufactured according to the 
device shown in drawing 5 A and drawing 5 B. Each of those devices have same gross area 
called about 1.2x10-3. In the both sides of wafer division, the typical I-V curve is shown about 
the device chosen so that it might approach as much as possible mutually. Drive current If is 
shown in the y-axis, and the x axis shows driver voltage Vf to it. The inclination of the curve at 
the time of a high current is mostly in inverse proportion to the series resistance of a device. 
AlInGaN according to drawing 5 A and drawing 5 B in draw ing 7 Reduction of the series 
resistance of LED is shown. These devices have series resistance lower about 10% (in the case 
of "an embodiment 1" RS= 19.9ohms) to 20% (in the case of "an embodiment 2" RS= 17.3ohms) 
than the conventional chip (RS=21 .3ohm), and other the growth of all and manufacture 
parameters are equals. By the improvement of this series resistance, when drive current is 
50mA, the gain of 0.2-0.3V is acquired by operating voltage, and in the case of the device by 
drawing 5 A and drawing 5 B, the average voltage which matches the average voltage of the 
device by the advanced technology of drawing 1 driven by 20mA in that current arises. Since it 
is shorter than the length of this electrode for whether your being Haruka, the much more good 
electric engine performance of "an embodiment 2" is expected for the separation of an 
electrode. If drive current increases, the improvement of the driver voltage by reduction of RS 
will become still more dramatic. Moreover, although the effect by RS will become small if drive 
current decreases, the improvement of Vf is still accepted with the homogeneity of local current 
density. In the case of the device of drawing 5 A and drawing 5 B, the forward voltage of 3.25V 
was measured with 20mA drive current, but in the case of the device of drawing 1 , 3.4V were 
measured. 

[0028] In 1 more set of same experiments conducted with the AlInGaN material grown up into 
later, 1 set of same data and the same conclusion were obtained. About the device shown in 
drawing 5 A, drawing 5 B, and dra w ing 1 , it is 20mA forward direction drive current, and the 
average of 3.05V, 2.85V, and 3.35V was acquired, respectively. Moreover, the average of 3.65V, 
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3.35V, and 4.15V was acquired with 50mA forward direction drive current, respectively about the 
device shown in drawing 5 A, drawing 5 B, and drawing 1 . 

[0029] In the case of the device (Atot=1.2x10-3cm2) of drawing 5 A, an "area utilization factor" 
is computed as it is 60%. This is the improvement to the device manufactured in the geometrical 
configuration which generally presents 25 - 50% of area utilization factor A about the same Atot 
value, and which is shown in drawing 1 . The device shown in drawing 5 A and drawing 5 B is 
manufactured with the standard semiconductor production technology of having been suitable 
for mass production method. Improving is possible by the area utilization factor s A forming the 
arm of the shape of a taper which narrowed width of face, and reducing the field of a connection 
pad, and using still severer tolerance. Although the embodiment shown in drawing 5 A and 
drawing 5 B is shown as a device which gave wirebonding, a device can also be manufactured 
with a flip chip configuration. 

[0030] Drawing 8 A-H shows the alternative embodiment of this invention. An electrode can be 
considered as a simple electrode or a composite electrode. Current density is controlled for 
each embodiment by the cross section of a device. In drawing 8 A, a cross section is a 
parallelogram. Cross sections are round configurations [ case / of drawing 8 B ], such as for 
example, an ellipse form, circular, or a globular form. In the case of drawing 8 C, a cross section 
is a hexagon. It is a polygon with a cross section irregular in the case of drawing 8 D. A cross 
section is the parallelogram equipped with the connection pad with which the taper was attached 
in drawing 8 E. In these drawing 8 A - 8E, the inside outline of an electrode is mutually parallel, 
but it is not necessarily parallel to the flank of the cross section of a device. 
[0031] In drawing 8 F, the cross section is a hexagon and is equipped with at least one 
composite electrode. The connection pad of this composite electrode is arranged near the angle 
of a hexagon. Drawing 8 G shows the alternative embodiment of the device shown in drawing 8 F. 
the polygon in which the cross section has seven or the eight sides or more — or it is 
alternatively [ optionally ] possible an ellipse form or to suppose that it is circular. Drawing 8 H 
shows the alternative embodiment of the device shown in drawing 8 F. The cross section is a 
polygon which has five or the four sides or less. In the case of drawing 8 F-8H, the inside 
electrode is almost parallel mutually, but it is not parallel to the flank of the cross section. 
[0032] Drawing 3 - drawing 8 show the embodiment which makes the optical on-the-strength 
homogeneity ratio list accompanying the current density homogeneity ratio and it which have 
two or less value produce 50% or more of area utilization factor about a less than two 2x10 to 3 
cm gross area. When the cross sections are two or more 1x10 to 3 cm, the embodiment shown 
below produces a still lower homogeneous ratio and a still higher area utilization factor. 
[0033] The embodiment which the connection pad is attached in drawing 9 , and surrounded the 
three sides of the perimeter of a substrate, and was connected to the n type semiconductor 
layer, which has the composite electrode and which the cross section equipped with the 
substrate whose size is 2 0.3x0.4mm with the rectangle is shown. This n electrode is an outside 
or an envelopment electrode equipped with the cloth beam which connects two outside arms, 
the inside arm of N individual (N>=0), and said two outside arms and inside arm of said N 
individual. The lobe of an outside arm surrounds at least 75% of a luminescence field (suitably 
100%). The 2nd composite electrode is connected to the p type semiconductor layer. This 
composite electrode consists of the translucent metal layers and connection pads for diffusing 
current over most luminescence fields. The connection pad in this embodiment can give 
wirebonding with a diameter of about 0.1mm. The luminescence field is completely surrounded in 
the lobe of an outside arm. 

[0034] With an outside or an envelopment electrode, the homogeneity of current density 
improves and the series resistance of a device becomes small. Drawing 10 shows the cross 
section of LED of drawing 9 . Since two independent paths to which current flows by the arm of 
a ground electrode are offered, the homogeneity of current is improved when average current 
density falls effectively. Furthermore, the mean distance by which current must move the inside 
of an n type semiconductor layer to the side leads to reduction of the series resistance of a 
luminescence device. Drawing 1 1 compares an I-V curve with the device by the advanced 
technology shown in the device shown in drawing 9 , and drawing 1 . The device of drawing 9 
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presents sharp reduction of the series resistance specified by the fall of the operating voltage 
defined as a device as voltage required to pour in 20mA in the forward direction, and the 
inclination relation of an I-V curve. In the case of the device of d rawin g 9 , forward voltage and 
the value of series resistance are 2.86V and 9.6ohm, and, in the case of the device produced 
according to drawing J , are 3.19V and 21.6ohm. The homogeneous improvement of current 
density is proved by drawing 12 A and drawing 12 B. This drawing shows the myopia field optical 
microscope photograph of LED of drawing 9 when forward bias is carried out to 50mA and 
200mA. The heterogeneity of identifiable luminescence reinforcement is not indicated by 
contrast to be the same microphotography shown in drawing 2 about the device of drawing 1 to 
these drawings. 

[0035] In the case of the device of drawing 9 , an area utilization factor is computed as it is 55%, 
and it improves considerably as compared with the device of drawing 1 . The device shown in 
d rawi ng 9 is manufactured by the standard semiconductor production technology of having been 
suitable for mass production method. An area utilization factor can be sharply improved by 
forming an arm with more narrow width of face, and using severer tolerance. Although the 
embodiment of drawing 9 is shown as a device which gave wirebonding, LED can be 
manufactured with a flip chip configuration. It is possible for the purpose of this invention that an 
arm is the electrode to which the single electrode of the configuration of arbitration or plurality 
was connected. 

[0036] The size is equipped with the 1st composite electrode which has two connection pads, 
while dra win g 1 3 shows the alternative-embodiment of this invention which has the substrate of 
2 1.0x1. 0mm with a square, this substrate surrounds three sides of the perimeter and a cross 
section is connected to an n type semiconductor layer. The 2nd composite electrode is 
connected to the p type semiconductor layer. This 2nd composite electrode consists of a 
translucent metal layer for diffusing current over most luminescence fields, and two connection 
pads. This connection pad means wirebonding and has the diameter of about 0.1mm. Two or 
more connection pads are connected to two electrodes for [ for redundancy ] actuation by the 
big operating current. The luminescence field is completely surrounded in the lobe of the arm of 
a ground electrode. This outside envelopment electrode improves the homogeneity of current 
density, and serves to reduce the series resistance of LED. 

[0037] Drawing 14 shows the fragmentary sectional view of LED of drawing 1 3 . Since two 
independent paths to which current flows are acquired by the arm of a ground electrode, the 
homogeneity of current is improved when average current density falls effectively. The series 
resistance of LED decreases by compaction of the mean distance by which current must move 
the inside of an n type semiconductor layer to the side. Moreover, an additional path is formed of 
two or more parallel arms, and, thereby, the series resistance of LED decreases further by them. 

[0038] Drawing 15 is a graph which shows the I-V relation about the device shown in drawing 13 
which presents the operating voltage of 2.92V, and 1.2-ohm series resistance by 240mA forward 
current. The homogeneity of current density is proved in drawing 16 which is a myopia field 
optical microscope photograph about a part of luminescence field which operates by 500mA 
forward current. - it is clear that the heterogeneity of the reinforcement which can be 
recognized does not exist in luminescence with this current corresponding to the current density 
of 70 A/cm2. 

[0039] If the area utilization factor of this LED of 1x1 mm2 shown in drawing 13 is calculated, it 
will become 74%. This device is manufactured by the standard semiconductor manufacturing 
technology suitable for mass production method. An area utilization factor can be sharply 
improved by forming an arm with still narrower width of face, and using still severer tolerance. 
Although the embodiment shown in drawing 13 is shown as a device with which wirebonding was 
given, LED can be manufactured with a flip chip configuration. 

[0040] Although the embodiment shown in details by drawing 9 and drawing 13 is shown about 
specific substrate size and a specific configuration, it can also produce extensive LED according 
to the present production capacity using the consideration on an easy process and layout. The 
alternative-embodiment of this invention is shown in drawing 17 A and drawing 17 B. 
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[0041] Drawing 18 shows the device by this invention which has the 1st composite electrode 
which surrounded all the neighborhoods around a rectangle substrate completely, and was 
connected to the n type semiconductor layer. These n electrodes are called a ground electrode 
or a full envelopment electrode, and contain the single connection pad. Moreover, the 2nd 
composite electrode is connected to the p type semiconductor layer. These p electrodes consist 
of a translucent metal layer for making most luminescence fields diffuse rear-spring-supporter 
current, and a single connection pad. The connection pad in this embodiment means a bonding 
wire, and has the diameter of 0.1mm. The luminescence field is completely surrounded in the 
ground electrode. It is also possible to have two or more connection pads in other embodiments. 
[0042] The homogeneity of current density is improved with this full envelopment ground 
electrode, and the series resistance of LED decreases. Drawing 19 is a graph which shows the I- 
V relation of the device of drawing 1 and drawing_18. about four different substrate sizes. 
Substrate sizes are 2, 0.50x0.50mm2, 0.70x0.70mm2, and 0.85x0.85mm2 0.35x0.35mm. All the 
devices of drawing 1 8 show series resistance sharply smaller than the device of the same size 
manufactured in the geometrical configuration which shows the fall of operating voltage with all 
the current exceeding 20mA, and is shown in drawing 1 . 0.85x0.85mm, in the case of the device 
of drawing 18 by the substrate of 2, a value with a forward voltage of 200mA and the value of 
series resistance are set to 4.0V and 3.6ohm, and, in the case of the device of d ra wing 1 which 
has the same size as it, are set to 5.5V and 10ohm. 

[0043] With the full envelopment ground electrode of drawing 18 , the homogeneity of the 
current density of a device and the optical output which have the minimum substrate size are 
improved. Drawing 20 shows the optical output-current relation (P-I) about the device of 
drawing 1 and drawing 18 about four substrate sizes. All the devices were encapsulated by the 
epoxy package same type. When it exceeds 150mA, the device of the maximum magnitude of 
drawing 18 and the device of the big size to the degree emit the optical output clearly exceeding 
two devices of drawing 1 of the same magnitude as them. Increase of this optical output is based 
on the homogeneity of the current density of the device shown in drawin g 18 improved as 
compared with the device of drawing 1 . Drawing 21 A - 21 C shows the alternative-embodiment 
of this invention. A lobe can be considered to be the electrode to which the single electrode or 
plurality which has the configuration of arbitration was connected for the purpose of this 
invention. 

[0044] Drawing 22 A and 22B show the alternative embodiment of this invention equipped with 
two or more composite electrodes connected to the n type semiconductor. Each composite 
electrode is equipped with the arm for improving uniform current diffusion, and the connection 
pad attached in it. Two or more of these n electrodes are called the segmented ground 
electrode. The 2nd composite electrode is connected to the p type semiconductor layer. This 
2nd composite electrode consists of a translucent metal layer which makes most luminescence 
fields diffuse current, and a single connection pad. This connection pad can give wirebonding and 
has the diameter of 0.1mm. The luminescence field is completely surrounded in the lobe of a 
ground electrode. While making into the minimum the nontransparent material to which the 
optical effectiveness of LED is reduced with the segmented ground electrode, the optimal 
current diffusion is obtained. 

[0045] Drawing 23 A - 23D shows the alternative embodiment of this invention which has the 
luminescence field where plurality became independent on the same substrate, and this 
luminescence field is electrically connected in various modes so that extensive I-V relation may 
be offered. Metallic coating for connection (connecting metalization) can be manufactured with 
multistage manufacture (multiple level fabrication) technology. The geometrical configuration 
enables it to realize a device with the increment unit area (incremental unit area) of arbitration 
using the same wafer manufacture process. 

[0046] The instantiation-embodiment which becomes below from the combination of the various 
requirements for a configuration of this invention is shown. 

1. Heterojunction within Said Device Structure Which is Luminescence Device and Contains 
Device Structure, and P Type Semiconductor Layer and N Type Semiconductor Layer (12), One 
side was electrically connected to said p type semiconductor layer, and another side was 
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electrically connected to said n type semiconductor layer. Have two electrodes (14a, 14b), and 
the minimum distance between the inside outlines of said electrode in the point of arbitration It 
changes within +35% - +150% of the average of this inter-electrode distance. One [ at least ] 
length of said two electrodes Are 65% or more of the length of one flank of this luminescence 
device, and the optical intensity ratio about the homogeneity of the light of at least one field The 
luminescence device whose optical intensity ratio about the homogeneity of this light it is less 
than 3.0 in two or more 30 A/cm average current density, and is what is specified as a ratio of 
the maximum partial light reinforcement Imax and the average light reinforcement lave. 

2. Luminescence device given in the preceding clause 1 said whose device structure is pure 
pillar-shaped object which has cross section and whose length of said two electrodes is 65% or 
more of length of one flank of said cross section. 

3. Luminescence device given in the preceding clause 1 whose length of said two electrodes 
cross section of said device is polygon and is 65% or more of length of at least two sides of said 
polygon. 

4. Luminescence device given [ with the inside outline of said two electrodes parallel to the side 
of said polygon ] in the preceding clause 3. 

5. The inside outline of said two electrodes is a luminescence device given [ parallel ] in the 
preceding clause 3 mutually. 

6. Luminescence device given in the preceding clause 3 chosen from group in whom said polygon 
contains square, hexagon, octagon, rectangle, trapezoid, and parallelogram. 

7. Luminescence device given in the preceding clause 3 of said two electrodes to which taper is 
attached as it has wirebonding field (14a, 14b) and configuration of this electrode separates from 
said wirebonding field, respectively. 

8. Light emitting diode given in the preceding clause 1 for which configuration of said cross 
section is chosen as from group containing circular, ellipse form, and ellipse, and at least one 
side of said two electrodes has 25% or more of length of circumference length of this device. 

9. Luminescence device given in the preceding clause 1 chosen from group in whom said device 
structure contains globular form and semi-sphere. 

10. A luminescence device given in the preceding clause 1 which is the envelopment electrode 
with which one side of said two electrodes (14a, 14b) has the configuration which surrounds 
100% of a luminescence field. 

1 1. A luminescence device given in the preceding clause 10 chosen from the group in whom the 
configuration of said envelopment electrode (14a, 14b) contains a rectangle, circular, a square, a 
parallelogram, an ellipse form, and an ellipse. 

12. A luminescence device given in the preceding clause 10 in which the configuration of said 
envelopment electrode (14a, 14b) contains the lobe which acts so that current may be diffused 
in the semiconductor layer corresponding to them. 

13. Luminescence device given in the preceding clause 1 equipped with two or more n electrodes 
and p electrodes (14a, 14b) which have been arranged so that a luminescence field may be 
surrounded, while demarcating the field connected electrically [ Q (Q>=2) individual ]. 

14. A luminescence device given in the preceding clause 13 to which said Q fields connected 
electrically are connected using multistage metallization (multilevel metalization). 

15. A luminescence device given in the preceding clause 1 for which one side of said two 
electrodes (14a, 14b) equips with the cloth beam which connects two outside arms and the 
inside arm of N (N>=0) individual, and said two outside arms and inside arm of said N individual, 
and the lobe of said two outside arms surrounds 75% or more of a luminescence field. 

16. A luminescence device given in the preceding clause 15 equipped with the connection pad 
(14a, 14b) arranged between said two outside arms and inside arms of said N individual. 

17. A luminescence device given in the preceding clause 16 in which another side of said two 
electrodes (14a, 14b) is formed in the shape of [ which has the tip of M (M>=1) individual ] a fork. 

18. A luminescence device given in the preceding clause 17 by which said M tips are arranged 
between said two outside arms and inside arms of said N individual. 

19. A luminescence device given [ with a fixed distance between the inside arm of said N 
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individual, and said M tips ] in the preceding clause 18. 

20. A luminescence device given in the preceding clause 1 7 for which the lobe of said two 
outside arms surrounds 100% of a luminescence field. 

21. A luminescence device given in the preceding clause 1 whose area utilization factor specified 
as a ratio of the area of a luminescence field and the whole surface product of said device 
structure is at least 60% and whose area of said device structure is two or more [ 0.2mm ]. 

22. A luminescence device given in the preceding clause 10 whose area utilization factor 
specified as a ratio of the area of a luminescence field and the whole surface product of said 
device structure is at least 60% and whose area of said device structure is two or more 

[ 0.2mm ]. 

23. A luminescence device given in the preceding clause 1 5 whose area utilization factor 
specified as a ratio of the area of a luminescence field and the whole surface product of said 
device structure is at least 60% and whose area of said device structure is two or more 

[ 0.2mm ]. 

24. A luminescence device given in the preceding clause 23 by which the connection pad is 
arranged between said two outside arms and inside arms of said N individual. 

25. A luminescence device given in the preceding clause 23 in which another side of said two 
electrodes (14a, 14b) is formed in the shape of [ which has the tip of M (M> 1) individual ] a fork. 

26. A luminescence device given in the preceding clause 25 by which said M tips are arranged 
between said two outside arms and inside arms of said N individual. 

27. A luminescence device given [ with a fixed distance between the inside arm of said N 
individual, and said M tips ] in the preceding clause 26. 

28. A luminescence device given in the preceding clause 25 for which the lobe of said two 
outside arms surrounds 100% of a luminescence field. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[D rawin g 1] It is explanatory drawing showing the conventional light emitting diode (LED). 

[ D rawing 2] It is drawing showing the myopia field optical microscope photograph of LED of 

drawin g 1 by which forward bias was carried out by 50mA. 

[Drawing 3] It is the perspective diagram showing LED of this invention. 

[Drawing 4 A] It is explanatory drawing showing the alternative example of this invention. 

[Drawing 4 B] It is explanatory drawing showing the alternative example of this invention. 

[Drawing 5 A] It is drawing showing the example of this invention equipped with the connection 

pad field optimized about wirebonding. 

[Drawing 5 B] It is drawing equipped with the connection pad field optimized about the bonding 
wire showing the example of this invention. 

[Drawing 6 A] It is drawing showing the myopia field optical microscope photograph of LED of 
drawing 5 A by which forward bias was carried out by 50mA. 

[Drawing 6 B] It is drawing showing the myopia field optical microscope photograph of LED of 
drawing 5 B by which forward bias was carried out by 50mA. 

[Drawing 7] It is the graph which compared the I-V curve of LED shown in drawing 1 and drawing 
5A-B. 

[Drawing 8 A] It is explanatory drawing showing the alternative example of this invention. 
[Drawing 8 B] It is explanatory drawing showing the alternative example of this invention. 
[Drawing 8 C] It is explanatory drawing showing the alternative example of this invention. 
[Drawing 8 D] It is explanatory drawing showing the alternative example of this invention. 
[Drawing 8 E] It is explanatory drawing showing the alternative example of this invention. 
[Drawing 8 F] It is explanatory drawing showing the alternative example of this invention. 
[Drawing 8 G] It is explanatory drawing showing the alternative example of this invention. 
[Drawing 8 H] It is explanatory drawing showing the alternative example of this invention. 
[Drawing 9] It is explanatory drawing showing the example of this invention equipped with the 
ground electrode. 

[Dra wing 1 0] It is explanatory drawing showing the flow of the current in LED of drawing 9 
roughly. 

[Drawing 1 1 3 It is the graph which compared the I-V curve about LED shown in drawing 1 and 9. 
[Drawing 12 A] It is drawing showing the myopia field optical microscope photograph of LED of 
drawing 9 by which forward bias was carried out by 50mA. 

[Drawing 12 B] It is drawing showing the myopia field optical microscope photograph of LED of 
drawing 9 by which forward bias was carried out by 200mA. 

[Drawing 13] It is explanatory drawing showing an alternative example equipped with the ground 
electrode and inside electrode which were put together. 

[Drawing 14] It is explanatory drawing showing roughly the flow of the current in this invention of 
drawing 13 . 

[Drawing 15] It is the graph which shows the I-V curve about LED shown in drawing 1 3 . 
[Drawing 16] It is drawing showing some myopia field optical microscope photographs of LED of 
drawing 1 3 by which forward bias was carried out by 500mA. 
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[Drawing 17 A] It is explanatory drawing showing the alternative example of this invention. 
[Drawing 17 B] It is the perspective diagram showing the alternative example of this invention. 
[Drawing 18] It is explanatory drawing showing an alternative example equipped with the ground 
electrode which surrounded the luminescence field completely. 

[Drawing 19] It is the graph which compared the I-V curve about LED shown in drawing 1 and 
drawing 18 . 

[Drawing 20] It is the graph which compared the optical P-I curve about LED shown in drawing 1 
and drawing 18 . 

[Drawing 21 A] It is explanatory drawing showing the alternative example of this invention. 
[Drawing 21 B] It is explanatory drawing showing the alternative example of this invention. 
[Drawing 21 C] It is explanatory drawing showing the alternative example of this invention. 
[Drawing 22 A] It is explanatory drawing showing the alternative example equipped with the 
segmented ground electrode. 

[Drawing 22 B] It is explanatory drawing showing the alternative example equipped with the 
segmented ground electrode. 

[Drawing 22 C] It is explanatory drawing showing the alternative example equipped with the 
segmented ground electrode. 

[Drawing 23 A] It is explanatory drawing to which is equipped with LED from which plurality was 
separated and this LED is connected by various serials and the juxtaposition method and in 
which showing the example of this invention. 

[Drawing 23 B] It is explanatory drawing to which is equipped with LED from which plurality was 
separated and this LED is connected by various serials and the juxtaposition method and in 
which showing the example of this invention. 

[Drawing 23 C] It is explanatory drawing to which is equipped with LED from which plurality was 
separated and this LED is connected by various serials and the juxtaposition method and in 
which showing the example of this invention. 

[Drawing 23 D] It is explanatory drawing to which is equipped with LED from which plurality was 

separated and this LED is connected by various serials and the juxtaposition method and in 

which showing the example of this invention. 

[Description of Notations] 

12 Heterojunction 

14a Electrode 

14b Electrode 
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DRAWINGS 



[Drawing 1] 



[Drawing 2] 




[Drawing 3] 
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[Drawing 4 A] 
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[Drawing 4 B] 




[Drawing 5 A] 




[Drawing 5 B] 
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[Drawing 6 A] 




[Drawing 6 B] 
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[Drawing 7] 
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[Drawing 18] 




[Drawing 8 D] 




[Drawing 8 E] 




[Drawing 10] 
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[Drawing 1 7 B] 




[Drawing 8 F] 




[Drawing 8 G] 
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[Drawing 21 A] 




[Drawing 8 H] 




[Drawing 9] 
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[Drawing 1 2 B] 




[Drawing 16] 




[Drawing 21 B] 
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[Drawing 19] 
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[Drawing 23 D] 
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» KWflFaWC**. I TO <-f >2?9A*XBHfcSl> 

£fcfOT3ftfc#. Cft«— «Wftfe©-CttftU. 
[0 00 7] 7fJS£©AlInGaN L E D©*SP:fr«. fv<-f 
Xrtr£j£3ft)fc:fc£pJi£;frL,T}flffl^-5„ Cft6>© 

mffi^pffieftfig o ffl^ftSP^u^sftfti.^ 5 rijssKo a D<t 

«Cn*SfcSfc/Jv*<fl*Sft4. p-n&^9S-c£(& 
3ftfcj&Hl;7£©*:SP#tt. ¥Ef9i p m@© 5 v 
Ktc.J: 9 nr ^^ftc^gp^-^ii-or^W xA^ii 

ffl-rs., 

[0 00 8] 

[36Hj#fl?ftkj:5£^-sg8g] t*A7?©»ft 
m5,563,422^C*jWS^«:J;ft«. n^; KR 
O'p^^' v Ktt. 0 HC^-Ti^tC^^WXOPSgPiC 
iES*f©^lfiir*fS3-ttX«l2g-r^#-C*S. pSM 
K«:KSL//-cpm®©«fl^6n)lS-CSii:^l6)T 

«. nffJ^ii^acti^^ftOS^^IEglfCto/c^rSl 
»rUrn^K:iiML^W^«/«c6ftC^ — nSM 

■fticmtiznmtz. n^^($@5:fii*>ft*^igicct> 
o r«K Ltn *s<c9i&-r ft «j: t, \ m$m&m < 

ft Si. BU^©Sii£iS8§{c>FtL/rnff^*-C*ift«5©S 
©fi?ij&tn*5i!fll]3ft. -5-©ISmibr. nSH4SP©S 

fto -cai^ pmmomsitem&L&w owm c itcft 

S„ 200^., KPfl©«feitSWftSSfeigK«. fife 
©iinfsiftSMK (f r ^--rx©^gp^<jgsg^) 
®<«fi$ft-5©-c. sge^Kstftyc v Kra«:jf LSF-a 

SciGCft*. lifeffiS©W-ttB. ¥^)SzJgS5S*5 

ss< fts«c-onr^#< fts. cft«. nffj^f*n«: 
ma©w-tt«. 02«:^-ri-5(c. -&ntc>iptf£;-rs 

3fe^a©^— 14*^03-B-Sfc©iftS. mM®&<D 
W-14©g^^«. SASHlfS^e J .,, i 
SSSSJ ...i©tbr (Cct-^r^SftS. C©Jt(*. ^ 
^WBrJlKiia I ... i 1 . . . i ©J£ R 
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EDW-O-i^i^jStHf^ttCnear field conditio 
[0 009] «KC. ¥«9««Heflt*Wl»*I^. ML E 

e d <DK¥m&u : ni(i l tmm<»%it<<cm c s 4>© <t % 

AlInGaN L EDB. -e©|6jte©^ *-XAtC|ag L- 10 

ffims^iS<te'2)K:onr«}^-rs©t? > siamawq^ 

LEDfci oTfi*&RM>*r * S ) - . 
[0010] SfeffRffiCDfc 9 1 o©K£l*. SffiflJfiXK 

eat-c. «36tmior©»««w©wffl3a*36w<fc 20 

p-nj»i*Wc*l,>Bif. LEDKJ:<3£Ji£;*tt£ 
[0 0 1 1 ] 

[lgig£ft??*T£;rc«>©^ia] KiStlfc<SiS«4l 

ni@«. n0Bcc*«w«:ffitilss*iT*ig, - 
iMniisi, »fp*«:^— iswfcafie^awti/Zicf 30 

[0012] 3fc#«**ifcflSffitftjitt. 3o©/^y-$ 
*JM««:X«tt#£fe<rc3SE-rsc £«cj: 

«©&§-?*&. rxjxai. w^Ktmfit 40 
u < BftRje©Karai*wrstf < ©&#:(*£ -r s c <t 

K»iaw-*ci*raitt-c*i. ft#ffjCC, 2o<DSi<D 
*4*W6«»gi5JiSTac t fcoJfiEt? *S. S«5fffl©¥ 

[0013] %#3n/cms»ig(*. rswfijfl^j a 

lffl8t;PJffl*Att. ^fep-n 50 
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©¥*Wtt*lS J . v . mm**<D * KSIRtc 00 
[0014] 

[«w©**©»a8] *mnx-&> §zftm* (led) 

©affi <±»XttWffl> © rffiS^iJffl^j «. p-ng 

itAx$>z tfem-rz. m^DW-^mm^&ic^xR 

[0015] ^A1InGal*tl4^©rUSS©LE D (fflfiHJ 
lo<D*ffl(C-5# 1 ^©Se^' - * ? KL-^WCT I 
«. !W«ffl*©#lSWftlBA=~1.0*«ifCV»i. 
S£3fc©AlInGaN LED, fl|;t«\ PJ— g|ffi±iCpf;£©Jg 
8t^< i- K^^iSE-r-SAlInGaNL E D«, A = 0.25~0.50 

«C4;0. gaftA? F©lf-f Xtt. WiU*. 0.075X10-' 
-0.2Xior , an'K:iS3tltb3E^. — Slffi±fCJ?T-^© 

AariHii*. -eftccttffr*-* A HJ-iSB 
©A t .«(COt,»-C (BH^. A t . t ©fc^(Cf*^j!BS=J^ h 
©*«**«*££&<> . AUnGaftr^VXOcWT.SS 

[0016] &#3ft/cH«Bt{tj§«. 3-3©/<^y-ar 
tfl * {cX«tt*-&to*r«E-r -5 C £ tc <fc ») *i 

4. *<Dmmz. mfovBVi. nmoBW. ro'hs© 
{jg-r^So mmt. mm. ^mm. x« *§ 

mm. mmmm. =mm<D) 

&%B. KMcm&£tnttcmVi&. XB (W^-tf, R 
0. n&%$>hfttc\E-}iBm<D) %fr<D$>Z>B 

2o©Sg©d>^< tt-^K^tL/r. mjjSS;ffi© 

^-tta«©«**»BEfsctt>BittT*4. ssra 

[0017] f^!iiB#(DMffl^09aE-r.S/ci?){C. pB^M 
l>5t©iT4. ^-HSCxRDB. p/tiSi3n 

■5. 2-?<DmBmmfrtittm<p^t&A2ti 

(sg (l-2 1) ) tcttmrhtxxi,**. mmvi&ti 
im-x-$>z. f5in^©«©©rtffiijtifi5«:?9ofces© 
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•fZZtlfiaVOtC 2 0©1t@8HC:teW£miJiE©iJ£ 
R=RDs/w ( 1 ) 

p SB**' £ £A 3 n £ IE?L £ Z> n Jf$ 

l^fWSr^WKWRf 4Bi*J-lJ|< «t4. * 10 

^8t#!lfe£f*K:fc>ft: 0 15|— tc & £. c©SESt©JS8SCt 
^*©*S^©*SB#£^C£aWl:LX. 

[ooi8] ust:*. ^mmmicmmffjicmmztitc 

MMMXHbZ. *&^6(sirrp1e electrode)W:. Wjft&f 
©3f«(4^ffl-C*0. WiUi. *©HilB;£> -?-©StE© 
i'©^-Y> bK.ii^XbMCK.&Z. f^'-/^0:-5T 
tt8te**&#»i-r4fc©***S. a^fiffiCconpoun 
d electrode)«. «**Jtl![S-l*r*4affi-rifc«{>(C 
S«&r»l> (^I^.tf0.2/Limt(T©) ^j$J8©E&£j9S 

a (AMWfcti. i§stset35©p K-^Bsuf— 

m&.mmxu^m^t^< . assets*** 
u -e-©*BS±©&o#>©*^ > h rara>& o ©mff© 

[0019] 03(Ctt. #f^©LE D#{^3ftTI,> 
S„ LEDlOli, M3Sft<Z>££ (HSWf) ±CCr£1£ 

6. p««Bi4aRo*nseii4Wi. ^n-e*a*te-r 
tfrfccmstftycifefciSSftTus. pmffii4aRo'nmsi 40 

o*fieg3ft-cc>s. -€-ne.2o©sffi©F«gfMte 
fP*^Pb/cfc©r*^ 0 ffiSSft 

i ...<b ©tb# 3 mm wmic « 
i.s~2*si) -e&zmsic. wm.mm&&&hti 

[0020] mmmrnvmsiat. htcfc 

ra©^!S^©+35%-150%«F*9-C*-SC<t*lM2O 50 
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SS^a-, K©rt»m9Pffl©a5SI®8f*s. VdKIt"? K 
©rtfflH&fPRB©¥£lS68i© ± 35%«rt-C* . RVttM 

%mm.<D+ 35%~i5<j%wrc*st t&m* ia>„ 

[0 02 1] Ctl6©ttttJg»«. x.<D£5t,cmzm2 
n/c ¥iW<cARg©S«, ^©T^gftA^^atcJ: 
-5TlSfaL/^t,^©<!:{S^b/clfi^. ^g©^tt*5 3 

fgcc^c^i. Djm*©®SM^s^«:iKsiif aura 

*©*4ST*nif. 2<g©#3£ffi©^8&-c4>aJ*I;£© 
S t . Ara©Stt3fc&ffi©££s8SMrse £#TS& 

i>. 02 (Mmffi) tcB. ^©^i-tttcwr-s^jgtt 

("light uniformity intensity ratio) (J£JT. ftSSlStt 

^3*fflx.*Js^*^3nrt^*i, f^©s 
7£&gitrt s 3*^©i§tSt#^3nTfc'3. -e© 

is <t ^ <t'©ig^*5i . s^m -c* . 

[002 2]^3~I8E (CS%-r*«?8©*iM8«'C 

fp.ijgp©g3©75%-c*-5 0 n^^-^ K©rtwjieipra©^ 
«©ftA<B^«±35%r*s. pm^Si>*nS@©rtiij 

6SH5P^©¥-^gt s 6©*A(0M« + 20% -C* -So -e 

©ifs^<t it. 03-08 Hictn-rmm&mvv-^-t v 

[0023] 04 a AB\t*mw<Dmtmm%mLx 
i^s. fA'^it ^^©w®s?rwr*^<©tt« 

(*-C*-5» = pmffiS.O'nm«i«. W&WfrWpts. < t 
2J2©g3©4>&< «!;*>65%©g3?:WLri,^ 0 

X©lg^«C«. 2o©H@©4>&< ifc-^- 
fg-r^'-1'X©il22S©25%«±©g3?:WTS <> ^ 

k\ m&&nmt, iLm^ /\nm. mm, x 
[0024] zoymsimmayjttj: < <t 1 1 /z k. 

*S3*SS«:feSC<!:?:iiJ|K:-r-5/c*CC. 65%©tttfejg 
^iMIRSn^,, C*l£|3Uf©JIiij't\ a^ms©^ 
^- K(ffl©¥^lffi«*> 6©d^(cM Lr ± 35%©14#^g 

[0025]15A-B(Ctt, «^SS?:Wr?.R#ll 



(5) 

7 

[0 02 6] 06ARc>'@6BB> 50mA<Dm«SrJE^ 
^TX£n/ct§l^C:fott£S5 BCC^TLE 

[002 7 ] H7r«. H 1 , BKItjt 10 

rHjSSSgfil 1 j ccfcusu 05 b«. rmuNI2 j «: 
»l£ Itl^o 2 o CD ai mcaN •> x ; \ (c #SJ 5 ft 

BtcTn-r-r^v^tceeoriif^sn/c. 
»facc««sitwr h 7 oc«\ 0 5 asoi 5 b cc 

cfc^AUnGaN L E D<DU¥Wfc<Di&Wfl^ftXl<* 

*> 0 cneofAvxtt ie*©^*:/ (R s = 2i.3 

Q ) J: 0 4>fc <£-€-i0% ( rutkffitt 1 j <D«te, R 5 = 1 
9.9Q) -20% ( rnsa8«|2j <Dt§£\ R S =17.3Q) 

0 , IBftflift** 50mA ©J»^K:l&f¥«EEK: o . 2— o . 3 V CD 
mmm^ti. 05ARt>*05B&C<fc£^/WX(Dif 
*<D«i»r, 2OmAr|gi63n^01CD5fetfe?»«c 

r«M0HI2j ©-JBfi»<t««ttll3&5«l«f3h4. IB 
tt*«*tff*rr*<fc. RsOfg»Cck^>lgli6SEcD^# 

HtCCfcoT. Vr<0**3Wtt*SiLrHK>6h*. H 40 
5 ARc;a5 B<D?'*4 X<Dft&M*2CknA<DmtbWfo 
r3.25V(DliM^mEE^a , JS^n/c7)^ 0 1 <D?v<-f * 

(om^c w 3 . 4 v aw jt 3 n /c 0 

[00 2 8] aH(C«ftS*fcAlInCaN^r**Sft 
/clHJ^cDfc^ 1 ttOJWrtt. mm<D 1 ffi<D-T-ZRV 

tawmztiit. 05 a, 05 b. sots i «c5*t*v< 

r, 3.05V, 2.85V, RO'3.35V<0^ffl(M96n/c. 

*/c is a, 135 b, so # 0 1 cc^-r^^-rxtcoii 
-en-en. 50mA<DffififtV&WMfax? % 3.65V, 3.3 so 
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5V, KCf4.i5VO^«Mt*s*6nA:. 
[0 02 9] raB«3pJfla*j H5 AflDfOW* <A 
t«t=l. 2 xior 3 c m*) <D»^Ctt6<B*r*4 ifftH 
£ft& 0 Ctltt, l^(DA tot ffiKWOT25-'50%<Dffi 

Bic^r^vxw, ^M^mdcmLtcmmm^^mi^ 
c4**wc*«: H5Ascna5B(c«riaimi 
[oo3o]08a-h«, ^w<Dtmmffimm*9rs 

«C«tt#Ml3ti«. H8A<D»£. KBi2¥ffD2! 
0, TO*. XttSfit^/cM^^^So 0 8C<7) 
E«*«*Jtt3*««r*S. H8 ECMtetCtt, WfiBt* 

4. cn608A-8E©«^ tt&<Drtfflit&*M£. a 

f*'W x©BrBS8l<DffliJSBCcJ* 0r£» 
rbfe¥?f"C*S<b»IE6ttl». 
[0 03 1 ] 08F(Di#^, VrBflttt. a\«0"C*O. 
4>«r< <fcfc 1 o©a^lfi^Iitl^ e ^ft^m®CD 
8gK^'9 K«/xft0COft(Oa<CCiSKStia. @8G 

4o -e<D»rffi«, 7oX«8o«±CDia*W"rS^ 

fgrA^o H8Htt. H8 FtC^-r^V^Of^^gSt 

[0 0 3 2] M3 -H 8 B. 2 «T<Dffi€rWTSSS£ffi 

s^H4itsa f Hentcf$^^e^-ttit^i>'K:2 xio 

[0 03 3] H0(c». 8gM/^9 ¥i»WL*)itWhtxXi* 
0, Sffig|H(D3 0(Dia*SHl/, S0fnJg*3W*JBCC 

^0.3x0. 4frm 2 r A 4SS^(i^. tcmt&l&tik&m 3 nt 

0) CDrtflHT-A, acmffi2o©?fWJT-Ai8J8BN 
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fflcDrtlWT - A £ Z&m? £ * o X A 4 £{g;*.7t . 
H^©:4>&< <bfc75% «?j§K:w:ioo%) 

m© 9 -n* 7 s a > y*Jfc-T C £ 1fi Wfl8«C &© t*£> 

H4* 3 l6l±L/. 7=/WX©ii:?iJffitn:AVjN3 < 0 l 
Ott, 0 9©LED©#rffi0£^L-CO£„ $HIiJ^©© 
T— A&C <£ 2 o©atLl//cigS§A3S« 

*f r ;Wx©ifi?U&*n©<E«icac£6©£ft£ < , 01 
if*. HQfCTjrrTV^-rxts l k:^-T5t?f ^J«:«fc ^, 
f^'«i(D I -Vfligl£Jt$$L/c *>©■?#>£. 09© 20 
* A * tt. 7^ X «Cjm#[6j K 20mA £8 At" i> <DIC 

j«*s-r ^ *>© 4 & s . m^aEsom?ijffita©«i 

W\ 09Of;^^©^ti:tt. 2.86V&t>'9.6QT?£> 
0. EHcS£^r^K$nfc-r^Vx©lS^c«. 3.19 
VSO'21.6Qr*S. ®igmfi©^-tt©K#(i. 0 1 
2AR[>'I 1 2 BTAtSESnrt,^. |B]0tt. 50mA R 
O*200mA (C)B^* T X $ *x/dS^(C*J W £ 0 9 © L E D 

©ifim»#^p^^jt£^r *>©-*?&£. cne.©n 30 
cu*. 0i©7 r ^-r^Kwr.502K:^3n/c|gHi©is 

[003 5] mm>mm*> m9<o?'U xvm&taz 

55%-C&-5<bSLffl$*l. 0 1©tvW L-tA> ft 

J:0«a©K^r-A^^t. swoii 
[ 0 0 3 6 ] 0 1 3 «. Kffi*«iE#iB-C<tffia*i.oxi.o 
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liiSo.UmKDitS^WL-rt^o ffi&©Jgi&^ ? K#. 

miz&mztiz. mtwms.. ^wims©T-A©^a 

i£m^©^-14^%# L . LED ©B?iJtgjtn£ffi&3 # 
[0 03 7] 014tt, 0 1 3©LE D©95#tKB0£ 

^ux^z. ^{ijms©r-AK:<fcor. mffi©&ft& 

2o©&&L/cgK#f#6*-i-5fc*. ^mfifeSfS* 1 * 

t$)$m<D , fa.m<<c ctotLE d ©je5Uffiis**fi«r ■2.. * 

ntc «t OLE D©fifiJffi!S*iJ|«:ffijiS-r-5. 

[00381 I15B, 240mA©»S*r6l^life-C2.92V© 
Klf'FS)ESC>'l.2Q©ia?iJffi5t€:ST.5». @13K^ 

JBC^-CAiaESnS., ~70A/cm , ©Sjj£SBatC*fJ^TS 

L & (,» C t *>t? 4) 5 . 
[ 0 0 3 9 ] 0 1 3&Cifrrt© 1 x 1 mm* © L E D <DM 

ffitmma, ftHTs<L74%!;c&$. mrtuxtz. a 

Ji&. ffi«*'Jffl*«. — »*iO»V»T-A*JglsSly. S 

LEDU7 >) -j -j -fmrntsm-r set 
[0040] i9syi i 3 vmmiOnLtcmmfm 

x . m&<Dtmm> tc^t>-a-r mm* led wtmt z 

C £ h ^mx& 4.017 ASO'0 1 7 B tUi^fj© 

[ 0 0 4 1 ] H 1 8 tt. tgJgS«©SH©EH2^r%% 
^tcSH Lr n ffJ¥«#)l«:SiK3*a?cm 1 ©tt^Sffi 

itmmztix^z. mprnmn. »*<»w©^at»{cto 

re 0 HeiSSr&ffc $ # 4 /cto©*SW©^Jl)l £ #-©« 
•j Ri, jiOf'-f >^'7-<if'^0L7ct©t , AO. 0. 
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» K*«A*c±fe altera*. 

[0042] MSS^HftftKCtC <t 0 , WMtsmolk 

-m^mzn. LED©a?>j«tj5»*iB«-r*. 019 

0.35X0.35mm\ 0.50x0.50mm 1 , 0.70x0.70mm 2 , 
SO'0. 85X0. 85mnf'C&'&. II 8©^W^tt, ^ 

u aicc^T^^ff^rstigsn/cpioif-Yxo^ 10 

^^J: 0 fcA«iCC/Jx$liiC?iJStn*^:-ro 200mAT<E> 

mi5fanm<DWBLvmmvi<Dm o.ssx o.ssmm 1 cd 

S*g(Ccfc£ll 8<D^^-f ^<DJ»^tC«, 4.0V&O*3.6 
Q<t&9. *hiH i;*S*Wt5H 1 ©f^W 
^CCtt, 5.5VS^10Qi&4. 
[00431 11 8<D^QH^ffllJ«ffi(cj:^r, */h 

^fflA«tK*3tl&. H2 0tt, 4ocD»«1f -TXCC 

(P - I) ZmLtci><DV$>2>o ±X<D"r'HX 20 

/Co 150mA £®;i/c£^ 0 1 8 <DScK3k* S©^-/ 

G*^ 3 <D0 1 £> 2 o<D:r; W X £Ui 6*HC*a* **tij 

H4CCj:*fc(D-C** 0 a 2 1 A-2 1 CM. &§Wi<D 

nte*«i*A SCimS. 30 
[0044]i22A,22BW, n04^l^^^ 

m2©ig^mffi«p^»»Btc^ 

-f >^*JfirCi*ipIlfe&fcCDr*»5. O.lmmCDaS^ 40 

aisnti^. E^tsn/c^wjafficccfcor, le 

[0 04 5] H23A-23Dtt, H^fehtettS© 

J!MM(connecting metal ization)^, ^£83Sj§(multip 
le level fabrication)*^^ ^TS?i§T€> C £#nj 50 
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HzX^JJBl/T, ffi^C0tf^{4Ma (incremental uni 
t area)rr r ^VX^||^T*Ci^pJ^C/j:* 0 
[0 046] «TfC*5Cir«. *^<DS^O^Sfr 

1. ^Wxriot^ rvWx#Bi<*<t, P f¥ 

/c, 2o<D«ffiCl4a,l4b)i*{|^r*5'3 % ffSWDj&K: 

mM<D¥-#l<D+3?/o~~ + 150%rt~C^»jU mTlB2 0<D 

<D 1 OOMSBCDSS (D65%J£i±r * 0 , d>^c <iilo 
CD^«<D3fcO£j— ttCCWrS*5SaUt36S. 30A^cm'«± 

cD¥^m«®Sccfci^r3.o*^rao. »#©Bj-te 
fii.,.<boJ:t4br«3e3ti4fe<t>r**. $s#^ 

2. BWBf^W Wffi*W-rSt?<©ftK(* 
r* 0 , buI52 -o<E>*«£>fiS#s, ftuIBK®© 1 ocofflj 

8^fi3<E>65%fcLbra*. BU31 1 CCBttOftjtfVW 

65%«±ra*. ir^BiccietECD^&^v x B 
4. MK2 ootioiWP 

S 3 telBiECDffeH&TV^ A X . 

6. ma^a^**, je^b. ^mz. a&b. mm. e 

JI 3 &cf SigCD^rv 1 ^ X . 

7. «T822 0(D«ffi<D*tl^n^. 9 >f + < 
««Cl4a,l4b)«:«*r*jO. *««©«tt3&s. BJId^ 

8. wmmm<DBm\ fib. nnm* rc^sr*** 

<<t^-^, »^^-YX<DH2S(D25%«±<Dfi3* 

10. BuIB2oomS(l4aa4b)CD^^<D— ^#t fc ^t^H 

iiS(Dioo%^SBi'r^>^tt^w-r^ > aHmS"c^>^, «r 

11. mnmmmma^iAb)<DBmK mm. v\b. je 

12. SWB«IH*«Ci4aa4b)(WBtW, -ene>Cc*f^"T 
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13. q <q^2) ffl<D«awcc««stifc««*wer 
«ffiRa p p«ffici4a,i4b)*«*.ros % HfPEiKisatK 

©»#fVC-f x. 

14. fSWBQffl©«aw«:««snfc«lg»s. ^is:^*^ 

J if— is a > (multilevel metal izati on) £rfiJJB Lrjg 

15. H5iB2o©»ffiC14a,14b)©— 2o<D*H)H7 10 
-AMN (N^O) fflOrtflBr-Ai, I5riB2ocD^ 

fflijr - a <t gaia n fio^fflijr - a <t &mm? s & n x tr 

-AiSrd^r&O, friB2o<o?HMT-A<D^m8B 

16. fria2o<D^fttjr-A<bWtBNffl(Ortjwr-A<fc<D 

fflteEaStifcSStt^* F(i4a>i4b)*ffi;tro£, Ha 

mstcettoA^^^ -y x 0 

17. lRK2o<DBS(l4aa4b)0^3tf. M (M£ 1 ) 
15. 8JKMffl©5teJS#* 9ul32oc7)Wlr-AiS5fBN 

ffl<Drt ffl»J r - a t <om «ceb s nr c > s , hu^iizcc em 
* -fx. 

m lulBNfioWfflyr-A<bmiBMfl<D5feffii©racDffi 

l#-!lr*5, flraasfciEK©**^* -f x e 

20. MIB2o^WJT-A(D^Hi^|^^(Dicx)% 

ttt ur«Ksn*iiaiw«»#y>ft < & fc6o%r& 30 
m 1 ccetto&ftfo w x. 

22. «^«©TOi|}E^WX«JS»©^Ha4© 

0, MfB^^VX^Bi*:<Dffia^0.2mm 2 «±r^)^, «f 
3MlOCC8E*8©**^'< >f X 0 

23. «3^^TOtBTO^^X*J^O^Hai(3!> 

0, MIB-r^VX^®f*(DMS^0.2mrn 2 «±r^)^, mf 
^15CCgEt8<Dl63fc?v< J X 0 40 

24. ^IB2 0(DnfflflT-A<tB7IBN<@CD(^ffliJr-Aic7) 
WUc&Wt'iy FtfEBStiroS. 8iT3B23CcgBf8©«3e 

25. HUiB2o(0S@C14a.l4b)<Dffe^3^, M (M> 1 ) 
ffl©5HS*W^47*-^«;(cJKfiE3tirc^. HJ3B23 
KBIIOIBtf^-f X„ 

26. mtBMflOjm^. H?IB2o(D^ffflilr-AifjlBN 

ffl©rt«r-At©iHi*cE«3tirt**, BJ3i25CciBt8 

27. «ENfflort«r-AiWKMffl(D5fcat<oiB0e so 
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>W-St*5, lft526iCBE*R<D|^fvWX. 

28. MIB2O<D^(Wr-A<D^ttia5^|^«^Ol00% 

tflMB'T** mFJl25Cciat£(D^*f r ^VX 0 

[HI 1 86*©ft#y-f:t-F (LED) ZtjklrtltWW 

r#>& 0 

[02] 50mArJB^-fTX3tl/cHl<DLEDO2tft 

w«4WWKW**riar* s. 
[03] *»e8©LED*^-r»aHr*s. 

[04 A] *«?8©««SBIi«*5%'ritt?l!iar*«. 
[04 B] *«W©«BHJ6«*5W»M0r*4. 

[05 a] 9-f+#>f*^ v^rai/rsiafbsn/cs 

[05B] ^^-/^^-f+^cHbrftaiftStifcSf 

So 

[06A] 50mArjB^>f TX3tl/c0 5 AOOLE D<D 

[06B] 50mAr/!H^V TX$tl/c0 5BcOLEDCr) 
ifflHH**J»»«?* *SkTH r * S o 
[0 7] 01SO'0 5 A-^BCCtS-TLEDCD I -Vfl» 

fcibKl/fc^^r**. 

[08 A] «6W©KWI»«f«rSVrSttMiarftS. 

[08 b ] *«wo«»i»«*^-raftwiar*s. 
[08 c] *»w©f^«fe»w«r^r»?aiar*s. 
[08 d] **w©««**«*^ritt9iiar*s. 
[08 e] **wo«we*«*m-r»?i!iar*s. 
[08 f ] **w©«sse»««:svr»Miar*s. 

[08G] *»M©f*«ia[«*^-r»99Hr*S. 
[08 H] *»?S<DRW»«45?TKiHHr*S. 
[09] ^MS««tl^^jeqS(D^tt0l«mrK«l9 

r*So 

[010] H9a>LEDCC*JWS«jfi<D«ti4«W8ffJtC 

*rrtft9J0r*s. 

[011] HiaVQCC^f LEDCCWJ-* I -Vft^ 
«rtb©0/c^7r*S 0 

[01 2 A] 50mArJ8^'-f 7X 3ti/c09 <DL E D<D 
[01 2 B] 200mAni@> r ^-YTX 3ti/c0 9 (OLE D<D 

[013] m^ccia^to3nfcjiflj««acwiflm8ffi 
*«B^SR§iiiSWi?:^-riftHj0r^So 

[0 1 4 ] 0 1 3(D*»?8«:*5WS«SK(D8Kti*lRIBSW 
CC7n-TSiW0r*So 

[01 5] 01 3fc«tLEDfcH«I -VftUB** 

[016] 500mA rJB^-f TXStlfeBI 1 3CDLEDCO 
-gpcDifitaiBfe^SiSS^** 7n*T0r & s . 

[0 1 7 a ] **w©««a6«*^r8iwiar*s. 
[0 i 7 b ] *«§aofWHtww*^-r»aiar*s. 
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[019] 0 1 RO'HI 1 8&OTVTLE DlCffl-?Z I -V 
[02 0] 1 1 Mi 1 8 (C^f LE DKHti^W 

[E2 i a] &ftw<Dtmmi&M*:ffi-rmwmv&z. 
[02 i b] *mf<D{mmmm>&fn-rmwM-e$>2>. 
[02 i c ] *mwtmmmmzm-t®.wm-ctb*,. 
[02 2 a] m.ftit2titcmmm*ffiz.tcKmmMM 

[02 2 b ] m.ft<t$titcmmm*ffiz.tctKW9mw 

[02 2 c ] Kftitstitcmmmzffiz-tcKwmmw 

[02 3 A] m*lO)ftmZ1ntcLED%:ffiZ.Xis>0. 

[01 ] 
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* l e d * ^cit^JSOffi^a-cs^s nro * 

[02 3 B] «&©#8t34ifcLED£<Ix.T:*ifh I£ 
(02 3C] m&<DftM2tltcLEDZffix.X*sK). S£ 
[02 3 D] Sifc(D»||i34ifcLED*«^r*jf5. IS . 

1 2 'vfag^ 
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1 4 b S@ 
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